Aurélie Quandalle 
  
Louise Ghesquière 
  
Maeva Kyheng 
  
Anne-Sophie Ducloy 
  
Damien Subtil 
  
Véronique Debarge 
  
Charles Garabedian 
  
Aurélie Quandalle 
  
Aurelie Quandalle 
email: aurelie.quandalle@gmail.com
  
  
Impact of intrauterine balloon tamponade on emergency peripartum hysterectomy following vaginal delivery

Keywords: Hemostatic hysterectomy Intrauterine balloon tamponade Postpartum hemorrhage Vaginal delivery ANOVA, analysis of variance, IUBT, intrauterine balloon tamponade, IQR, interquartile range, PPH, postpartum hemorrhage

de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

2

Impact of intrauterine balloon tamponade on emergency peripartum hysterectomy following vaginal delivery

ABSTRACT Objective: To assess the impact of intrauterine balloon tamponade as a second-line technique before resorting to emergency peripartum hysterectomy in cases with severe postpartum hemorrhage and uterotonic treatment failure following vaginal delivery.

Study design: A retrospective, monocentric study evaluating cases of uterotonic treatment failure with severe postpartum hemorrhage following vaginal delivery between January 2005 and June 2018. Cases of cesarean section, amniotic embolism, uterine rupture, placenta accreta, and postpartum hemorrhage by vaginal laceration were excluded. The primary study outcome was incidence of emergency peripartum hysterectomy before and after use of intrauterine balloon tamponade was initiated.

Results: Among the 55,776 women who gave birth vaginally at our site during the study period, 161 (0.3%) had severe postpartum hemorrhage with medical treatment failure (78 during the period prior to intrauterine balloon tamponade use, and 83 after intrauterine balloon tamponade use was initiated). The intrauterine balloon tamponade failure rate was 21.9% (n = 18). Emergency peripartum hysterectomy was performed in 7 cases prior to intrauterine balloon tamponade use and 2 cases during use of intrauterine balloon tamponade. Thus, we observed a nonsignificant decrease in emergency peripartum hysterectomy after use of intrauterine balloon tamponade was implemented (9.0% vs. 2.4%, p = 0.09). However, the decrease was significant among patients who underwent conservative surgical treatment before intrauterine balloon tamponade use (53.8% vs. 12.5%, p = 0.041).

Conclusions: Though we did not find a significant overall reduction in emergency peripartum hysterectomy following implementation of intrauterine balloon tamponade, there was a

Introduction

In developed countries, approximately 1-2% of vaginal deliveries are associated with severe postpartum hemorrhage (PPH) [START_REF] Zhang | Incidence of severe preeclampsia, postpartum haemorrhage and sepsis as a surrogate marker for severe maternal morbidity in a European population-based study: the MOMS-B survey[END_REF][START_REF] Al-Zirqi | Prevalence and risk factors of severe obstetric haemorrhage[END_REF][START_REF] Zwart | Severe maternal morbidity during pregnancy, delivery and puerperium in the Netherlands: a nationwide population-based study of 371 000 pregnancies[END_REF][START_REF] Wen | Severe maternal morbidity in Canada, 1991-2001[END_REF][START_REF] Carroli | Epidemiology of postpartum haemorrhage: a systematic review[END_REF]. PPH remains the main cause of maternal death during childbirth [START_REF] Deneux-Tharaux | Épidémiologie de la mortalité maternelle en France, 2010-2012[END_REF] and its predominant etiology is uterine atony. Severe PPH with uterotonic treatment failure is typically treated via invasive procedures such as arterial embolization and/or surgery, with hysterectomy as a last resort.

Over the past 20 years, PPH management has been modified by use of the intrauterine balloon tamponade (IUBT), which has become a first-line therapy in severe PPH with uterotonic treatment failure. The effectiveness of the IUBT lies in its mechanical compression of blood vessels against the uterine wall. The uterine tamponade technique was initially described in the early 20th century [START_REF] Day | The intrauterine pack in the management of postpartum hemorrhage[END_REF], but was abandoned in the 1950s based on fears that it might conceal trauma or continuous bleeding, or cause infection. Later, several cases were described in which uterine gauze tamponade was placed vaginally or via laparotomy after a cesarean procedure, with placement maintained for up to 4 days [START_REF] Maier | Control of postpartum hemorrhage with uterine packing[END_REF][START_REF] Druzin | Packing of lower uterine segment for control of postcesarean bleeding in instances of placenta previa[END_REF]. This treatment was effective in most cases. Thereafter, alternative intrauterine compression systems replaced gauze, including: the Foley catheter [START_REF] De Loor | Foley catheters for uncontrollable obstetric or gynecologic hemorrhage[END_REF], the Sengstaken-Blakemore catheter (also used in gastroenterology) [START_REF] Condie | Successful use of Sengstaken-Blakemore tube to control massive postpartum haemorrhage[END_REF], the Rüsch catheter with balloon (used in urology) [START_REF] Johanson | Management of massive postpartum haemorrhage: use of a hydrostatic balloon catheter to avoid laparotomy[END_REF], and, recently, the Bakri balloon [START_REF] Bakri | Tamponade-balloon for obstetrical bleeding[END_REF].

Interest in the IUBT lies in the fact that it is less invasive and less likely to lead to complications. Presently, most studies evaluating the effectiveness of the IUBT have focused on PPH during vaginal or cesarean section delivery [START_REF] Laas | Trends in the rate of invasive procedures after the addition of the intrauterine tamponade test to a protocol for 13 management of severe postpartum hemorrhage[END_REF]. When evaluating IUBT efficacy, however, it is important to avoid the bias introduced by including cases of severe PPH during cesarean delivery (in which surgical treatment is sometimes implemented before the IUBT). This is accomplished by focusing exclusively on vaginal deliveries. Thus, the main objective of the present study was to assess the impact of introducing the IUBT as a second-line technique before performing emergency peripartum hysterectomy in cases with severe PPH and uterotonic treatment failure following vaginal delivery. The secondary objective was to assess the global management of PPH, especially when surgery is required.

Materials and methods

This was a retrospective, monocentric study (Lille, France) to evaluate cases of uterotonic treatment failure with severe PPH following vaginal delivery between January 2005 and June 2018. Severe PPH was defined as hemorrhage of more than 1 L (15). Cases of cesarean section, amniotic embolism, uterine rupture, placenta accreta, and PPH by vaginal laceration were excluded. Our PPH protocol is consistent with the guidelines published by the

French National College of Obstetricians and Gynecologists (16).

There were 2 study periods. The first period (hereafter referred to as "before IUBT use") was prior to 2012 when, in cases of failure of initial technical procedures and uterotonic medical treatment (i.e., oxytocin, sulprostone), invasive second-line therapy was considered.

In cases of hemodynamic stability and moderate hemorrhage (defined as <150 mL/10 min), uterine artery or hypogastric artery embolization was applied. The maximum time between decision making and carrying out embolization must be less than 45 min. If one of the criteria was not respected, or in cases of embolization failure, emergency treatment was applied, including the following: stepwise devascularization following the Tsirulnikov technique, the B-Lynch or Cho hemostatic brace suture, or partial hysterectomy.

The second study period (hereafter referred to as "with IUBT use") was after 2012, when our protocol was modified to include the IUBT as an alternative to embolization in cases of sulprostone failure (15). From that time forward, the protocol has been to introduce ultrasound. Tamponade effectiveness is defined as controlled bleeding <50 mL/10 min. In cases of IUBT failure, an emergency radiologic or invasive surgical procedure is immediately performed. In cases of IUBT success, the balloon is left in place for 12-24 hours, then deflated. The only contraindication is intrauterine infection. The primary study outcome was incidence of hysterectomy before IUBT use vs. with IUBT use. Secondary outcomes were: incidence of hysterectomy among cases requiring surgery, incidence of invasive procedures, bleeding volume, resort to blood transfusion, average length of hospital stay, decrease by >2 g/dL hemoglobin on the first day after PPH and delay between implementation of sulprostone and second-line technique (i.e., IUBT or invasive procedures). 

Statistics

Results

During the combined study periods, 55,776 women gave birth vaginally at our study site. Among these, 161 (0.3%) had severe PPH with medical treatment failure: 78 occurred before IUBT use and 83 were with IUBT use. Emergency peripartum hysterectomy was performed in 9 cases (0.016%) (Fig. 1). The sample characteristics are shown in Table 1.

There were no significant between-period differences in maternal or obstetric PPH risk factors, including peripartum. Among those patients in the before-IUBT-use group, 6 underwent hysterectomy after embolization and 1 after conservative surgical treatment. The latter also underwent embolization following hysterectomy. During the period with IUBT use, 2 cases of IUBT and conservative surgical treatment failure led to hemostatic hysterectomies. Thus, we observed a decreased tendency in the need to resort to hysterectomy after IUBT implementation (9.0% vs. 2.4%, p = 0.09). This decrease was also significant among patients who underwent conservative surgical treatment before IUBT use (53.8% vs. 12.5%, p = 0.041). Among those patients in the before-IUBT-use group, all underwent an invasive procedure. Among these, 71/78 (91%) underwent embolization and 7/78 (9%) underwent surgical treatment without initial embolization. After IUBT implementation, 19 (22.9%) patients underwent an invasive procedure, among whom 18 (21.9%) were due to IUBT failure. A patient had immediate embolization because the obstetrician was unaware of the IUBT technique.

Table 2 summarizes the PPH management of this sample. There were no differences in initial obstetrical or anesthetic management. Total bleeding volume did not differ significantly between the before-and with-IUBT-use groups. The average hospital stay was significantly shorter in the with-IUBT-use group (median: 6.0 [IQR: 5-8] vs. 5.0 [IQR: 5-7], respectively, p = 0.020). The biological parameters show a significantly lower decrease in fibrinogen in the with-IUBT-use group (2.9 ± 1.0 and 3.5 ± 1.4 g/dL, respectively, p = 0.006). Other parameters were comparable between the groups.

The median delay between initiating sulprostone treatment and IUBT insertion was 23 min (IQR: 13-59 min). This delay was significantly longer for embolization (75 min [IQR: 40-115]; p < 0.001), but there were no significant differences with initial surgical treatment (45 min [IQR: 32.5-70]; p = 0.45).

Discussion

PPH remains the leading cause of maternal death in obstetrics. The advent of the IUBT as an alternative to invasive procedures has changed clinical practice. However, few published studies have addressed the impact of the IUBT on emergency peripartum hysterectomy following vaginal delivery. This comparative study assessing the impacts of introducing the IUBT showed a trend toward a decreased need to resort to emergency peripartum hysterectomy, and a significant decrease in cases with prior use of conservative surgical treatment in severe PPH. IUBT use also significantly reduced the rate of invasive procedures and improved management delay compared to embolization.

The specific evaluation of postvaginal delivery in PPH management makes this study unique. In 2017, Lo et al. (17) conducted a similar study but combined vaginal and cesarean deliveries. They reported 14 (0.078% of all deliveries) hemostatic hysterectomies before the use of the IUBT and 7 (0.023% of all deliveries) following IUBT implementation (p = 0.01).

The 7 hysterectomies during their second study period did not previously benefit from IUBT use. Among the 43 patients who received an IUBT, 8 required additional embolization therapy that proved to be effective, representing an 81% IUBT success rate. In our study, the success rate was 77.1%, similar to previously published studies [START_REF] Georgiou | Balloon tamponade in the management of postpartum haemorrhage: a review[END_REF][START_REF] Olsen | Bakri balloon effectiveness for postpartum hemorrhage: a « real world experience[END_REF][START_REF] Revert | Intrauterine balloon tamponade for management of severe postpartum haemorrhage in a perinatal network: a prospective cohort study[END_REF]. In a retrospective study, Revert et al. (21) compared the rate of invasive procedures between a pilot group of 10 maternity units using the IUBT and a control group of 9 maternity units not using the IUBT.

Among the vaginal deliveries in the pilot units (n = 26,299), 5 hemostatic hysterectomies were performed within a total of 11 invasive procedures. Among vaginal deliveries in the control units (n = 29,024), 3 hemostatic hysterectomies were performed within a total of 112 invasive procedures (including 106 embolizations). Unfortunately, assessing the between-unit differences in IUBT rates was impossible because the pilot units' rates were unreported.

Finally, Laas et al. ( 14) demonstrated a significant decrease in invasive procedures after IUBT implementation in patients managed for severe PPH. In the vaginal delivery subgroup before IUBT use (n = 194), they reported 2 (1.0%) hemostatic hysterectomies and 1 (0.46%) in the IUBT group (n = 218). This difference was not statistically significant (p = 0.50). In that study, the median delay between sulprostone administration and IUBT insertion was 35 (range 20-75) min. Like our study, this delay was significantly longer for embolization (100 [range 90-120] min, p = 0.001).

In a report using the same design but including both vaginal and cesarean deliveries, Gauchotte et al. [START_REF] Gauchotte | Impact of uterine balloon tamponade on the use of invasive procedures in severe postpartum hemorrhage[END_REF] showed a significant decrease in the rate of invasive procedures after IUBT implementation. That group performed 5 (23%) hysterectomies among 22 invasive procedures before IUBT use and 1 (2.4%) after IUBT failure (during a cesarean section) out of 41 second-line treatments. They found no significant between-group differences in hysterectomy rates (including both vaginal and cesarean deliveries requiring sulprostone; 6.8% vs. 1.1%, before IUBT implementation and with IUBT use, respectively, p = 0.091).

Our study also shows that use of a noninvasive technique does not negatively influence hemorrhage volume and biological parameters. In our sample, the decrease in fibrinogen levels was lower in the group with IUBT use. Similarly, IUBT use reduced hospitalization duration. These outcomes have rarely been reported in previous studies. Revert et al. [START_REF] Revert | Intrauterine Balloon Tamponade for Severe Postpartum Hemorrhage[END_REF] observed a significantly lower rate of red blood cell transfusions in the pilot units compared to the control units (0.5% vs. 0.7%, respectively, p < 0.01).

Our main study strength was the inclusion of only vaginal deliveries within a population that did not otherwise differ between groups. However, this was also a retrospective study, which may have lacked statistical power due to the low prevalence of emergency peripartum hysterectomy. There was also a risk of bias due to the long (i.e., 13 years) inclusion duration.

However, though guidelines changed during this period, our center's protocol shifted to the new standard of care before the national guidelines were proposed. Although modification of practices (e.g., medical management, embolization, surgical experience) may have impacted the effectiveness of IUBT implementation, assessing these effects is challenging. While a randomized controlled trial would eliminate these sources of bias, medical ethics obviously prohibit randomly assigning patients to invasive or noninvasive treatment conditions given that the current consensus is that IUBT is effective. Ongoing trials are more concerned with the ideal timing of its use (e.g., Clinical Trial NCT02226731). Our sample sizes were (fortunately) quite small, and may thus have limited statistical power. Our rate of emergency peripartum hysterectomy was particularly low compared to the literature, though we included all vaginal deliveries and excluded cases of amniotic embolism, uterine rupture, and placenta accreta. Finally, we observed a single case of first-line embolization for severe PPH after IUBT implementation. This case was not compliant with our institutional protocol; however, the case also illustrates a "real-life" situation in which some practitioners remain unaware of novel treatments such as the IUBT.

Conclusion

According to the current literature and our findings, we conclude that in addition to its noninvasive nature, the IUBT tends to reduce the incidence of emergency peripartum hysterectomy in the treatment of PPH following vaginal delivery. These findings warrant replication with a larger sample. These data should encourage obstetricians to apply conservative measures, including the IUBT, as a standard protocol prior to performing any surgical procedure. 2.9 ± 1.0 3.5 ± 1.4 0.006 Data are shown as number (percentage or range), median (quartile 1; quartile 3) or mean (± standard deviation). IU, international unit; PT, prothrombin time; APTT, activated partial thromboplastin time.

  Categorical variables are expressed as frequencies and percentages. Quantitative variables are expressed as mean ± standard deviation, or median (interquartile range [IQR]) for nonnormal distributions. Normality was assessed graphically and using the Shapiro-Wilk test. Before IUBT use vs. with IUBT use comparisons were made using the Chi-square (or Fisher exact probability) test for discrete variables and the Student t test or Mann-Whitney U test for continuous variables. The time to insertion of the intrauterine buffer balloon was compared between treatment types (sulprostone, embolization, surgery) using analysis of variance (ANOVA). Post hoc comparisons between treatments were made, with Bonferroni corrections. A 2-tailed α-level was used and p < 0.05 was considered statistically significant. The data were analyzed using SAS software (version 9.4; SAS Institute, Cary, NC, USA). The Institutional Review Board of the French College of Obstetricians and Gynecologists (Comite ́ d'Ethique de la Recherche en Obste trique et Gyne ćologie, registration number CEROG 2019-OBST-0701) approved the study.

  Data are presented as number (percent), median (quartile 1; quartile 3) or mean (± standard deviation).

Table 1

 1 Patients' general, obstetric, and peripartum characteristics during the 2 study periods.

		Period 1: Before IUBT	Period 2: With IUBT	
		use	use	
	Variable	(n = 78)	(n = 83)	p
	Maternal risk factors Maternal age (years) Body mass index (kg/m 2 )	29.2 ± 6.2 22.0 (20.0; 26.0)	30.5 ± 5.4 23.0 (20.0; 26.0)	0.16 1.00
	Parity	2.0 (1.0; 3.0)	2.0 (1.0; 2.0)	0.96
	History of PPH	14 (18.2)	17 (20.5)	0.71
	Known coagulopathy	5 (6.5)	1 (1.2)	-
	Obstetrical risk factors			
	Gestational age (weeks)	39 (38; 40)	39 (37; 41)	0.81
	Multiple pregnancy	11 (14.3)	10 (12.0)	0.68
	Hydramnios	3 (3.9)	7 (8.4)	0.33
	Preeclampsia	3 (3.9)	6 (7.2)	0.50
	Low-lying placenta	3 (3.9)	4 (4.8)	-
				0.09
	Macrosomia	10 (12.8)	19 (22.9)	7
	Peripartum data			
	Inducing labor	27 (34.6)	35 (42.2)	0.32
	Oxytocin use	48 (61.5)	44 (53.0)	0.27
	Extended labor >10 hours	9 (11.5)	16 (19.8)	0.15
	Peridural anesthesia	62 (79.5)	73 (88.0)	0.14
	Time between birth and delivery			
	(min			

Table 2

 2 Management of postpartum hemorrhage.

	Period 1: Before IUBT	Period 2: With IUBT	
	use (n = 78)	use (n = 83)	p
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